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(54) Impulse noise detector and noise reduction system 



(57) An Impulse noise detector detects impulse 
noise in an audio signal by filtering out the audio com- 
ponents of the signal, then comparing an envelope of a 
filtered signal with a threshold obtained as a moving av- 
erage of the envelope. Short-duration impulse noise is 



thereby detected without detecting tone bursts and oth- 
er fast-rising signals of longer duration. The envelope 
may be taken directly from the filtered signal, or from a 
difference signal obtained from a preliminary envelope 
of the filtered signal, to emphasize impulse noise when 
distorted audio components leak Into the filtered signal. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present Invention relates to an impulse 
noise detector useful In, for example, a car radio. 
[0002] Impulse noise such as ignition noise and mirror 
noise occurs frequently in the car environment, and is 
readily picked up by the antenna of a car radio. To pre- 
vent such impulse noise from becoming audible, a car 
radio requires an impulse noise reducer. 
[0003] FIG. 1 is a block diagram of a frequency-mod- 
ulation (FM) stereo car radio comprising an antenna 1 , 
a tuner 2, an FM demodulator (DEMOO) 3, an Impulse 
noise reducer 4, an impulse noise detector 5, an FM 
stereo demodulator 6, and a pair of loudspeakers 7 (only 
one of which Is visible). An FM radio-frequency broad- 
cast signal received by the antenna 1 is selected, and 
amplified by the tuner Z then demodulated by the FM 
demodulator 3 to obtain an FM composite signal. The 
FM composite signal includes a left-right sum compo- 
nent with audio frequencies up to fifteen kitohertz (15 
kHz), a 19-kHz pilot component, and a left-right differ- 
ence component amplitude-modulated around a 38-kHz 
carrier frequency, with an upper sideband extending to 
53 kHz. Impulse noise picked up by the antenna 1 may 
also be present, but this noise is detected by the impulse 
noise detector 5 and blanked out by the impulse noise 
reducer 4. Further demodulation of the FM composite 
signal by the FM stereo demodulator 6 produces right- 
channel and left-channel audio signals, which are repro- 
duced through the loudspeakers 7. 
[0004] FIG. 2 shows the internal structure of an im- 
pulse noise reducer 4 and an impulse noise detector 5 
employed In the prior art. The FM composite signal is 
received at an analog input terminal 8. The impulse 
noise detector 5 comprises a high-pass filter (HPF) 9, 
an amplifier (AMP) 10. an automatic-gain-control (AGC) 
circuit 11, and a monostable multivibrator 12. The im- 
pulse noise reducer 4 comprises a gate 13. The high- 
rt . <r **' t »^.» o 3 r l c *^? {"C7 ,, <?ncy h ; ?*t fti^uio 1 ? to 
all of the above-mentioned components oi the FM com- 
posite signal. Impulse noise includes still higher fre- 
quency components that are not rejected. The output of 
the high-pass titter 9, which comprises impulse noise 
and other noise, is amplified by the amplifier 10, the gain 
of which Is controlled by the AGC circuit 1 1 so as to keep 
the amplified noise signal below the threshold of the 
monostable multivibrator 12. The AGC circuit 11 is de- 
signed to respond slowly to changes In the noise level, 
however. When impulse noise occurs, the monostable 
multivibrator 12 cannot track the rapid rise in the noise 
level, so the output of the amplifier 1 0 triggers the mon- 
ostable muluvtorator 1 2, which outputs an impulse noise 
detection signal to the gate 13. The output of the gate 
13 is held constant while the impulse noise detection 
signal is active, so impulse noise Is effectively sup- 
pressed. 



[0005] One problem in this prior-art circuit Is that the 
monostable multivibrator 12 is triggered not only by im- 
pulse noise, which typically lasts only a few tens or a 
few hundreds of microseconds, but also by tone-burst 
s signals, in which a sine-wave signal lasting several mil- 
liseconds is preceded and followed by a signal with zero 
amplitude. The result is the unwanted blanking of these 
tone bursts. 

[0006] Another problem is that Intermodulation distor- 
10 tton can cause some of the energy of the composite FM 
signal to leak into frequency bands above 53 kHz, af- 
fecting the operation of the AGC circuit 11 and making 
accurate detection of impulse noise difficult 

16 SUMMARY OF THE INVENTION 

[0007] It is accordingly an object of the present inven- 
tion to detect impulse noise lasting for brief intervals of 
time, while avoiding the detection of signals that appear 
20 abruptly but last for longer intervals. 

[0008] Another object of the invention is to detect im- 
pulse noise accurately in the presence of leakage of au- 
dio signal components caused, for example, by inter- 
modulation. 

2$ [0009] The Invented method of detecting impulse 
noise comprises the following steps: 

high-pass or bandpass filtering of an input signal; 
detecting an envelope of the filtered signal; 
so calculating a first average value of at least some of 
the values of the envelope signal over a predeter- 
mined time interval; 

multiplying the first average value by a first factor to 
obtain a threshold value; 
3$ comparing at least one value of the envelope signal 
in the predetermined time interval with the threshold 
value; 

activating an impulse noise detection signal if the 
compared value exceeds the threshold value; and 
40 de-activating the impulse noise detection signal if 

th >« compared value cbe* not exceed the threshold 
value. 

[0010] In one aspect of the invention, all values of the 
45 envelope signal in the predetermined time interval are 
used in calculating the first average value. 
[0011] In another aspect of the invention, the values 
used in calculating the first average value are those that 
do not exceed the product of a second average of ail of 
so the values in the predetermined time interval, multiplied 
by a second factor. 

[0012] In another aspect of the invention, the enve- 
lope signal is obtained by detecting a preliminary enve- 
lope, taking differences of values in the preliminary en- 
ss velope, then detecting the envelope of the difference 
values. 

[0013] In another aspect of the invention, the steps 
described above are performed twice, using bandpass 
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filters with different passbands, and the two resulting im- 
pulse noise detection signals are combined in different 
ways, depending on the received level of a radio-fre- 
quency signal from which the input signal is obtained, 
to generate an output impulse noise detection signal. 
[0014] In another aspect of the invention, the first fac- 
tor is adjusted according to the received level of the ra- 
dio-frequency signal. 

[001 5] The invention also provides impulse noise de- 
tectors and a noise reduction system employing the in- 
vented method. 

[OO10| By using a multiple of the envelope signal av- 
eraged over a time interval as a detection threshold, the 
invented method detects short-duration impulse noise 
without detecting abruptly rising signals of longer dura- 
tion. 

[001 7] By taking an envelope of differences of a pre- 
liminary envelope, the invented method emphasizes im- 
pulse noise, relative to tntermodulation products and 
other audio leakage, so that the impulse noise can be 
accurately detected. 



tion; and 

FIG. 14 is a block diagram of an FM stereo radio 
receiver with a noise reduction system illustrating a 
sixth embodiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] In the attached drawings: 

FIG. 1 is a block diagram of an FM stereo radio re- 
ceiver; 

FIG. 2 is a more detailed block diagram showing the 
internal structure of a prior-art impulse noise detec- 
tor; 

FIG. 3 is a block diagram of an impulse noise de- 
tector illustrating a first embodiment of the inven- 
tion; 

FIG. 4 is a graph illustrating the detection of impulse 
noise in the first embodiment; 
FIG. 5 is a graph illustrating the non-detection of a 
tone burst in the first embodiment; 
FIG. 6 is a block diagram of an impulse noise de- 
tector illustrating a second embodiment of the in- 
vention; 

T ;G. ? is a graph illustrating ihe detection cf impulse 
noise in the second embodiment; 
FIG. 6 is a graph Illustrating the non-detection of a 
tone burst in the second embodiment; 
FIG. 9 is a block diagram of an impulse noise de- 
tector illustrating a third embodiment of the inven- 
tion; 

FIG. 10 is a graph illustrating impulse noise mixed 
with Intermodulation products; 
FIG. 11 is a graph illustrating the emphasis of the 
impulse noise by the difference processor in the 
third embodiment; 

FIG. 1 2 is a block diagram of an impulse noise de- 
tector illustrating a fourth embodiment of the inven- 
tion; 

FIG. 1 3 is a block diagram of an impulse noise de- 
tector illustrating a fifth embodiment of the inven- 



[0010] Embodiments of the invention will be de- 
scribed with reference to the attached drawings, in 
" which like parts are indicated by fike reference charac- 
ters. 

[0020] Referring to FIG. 3, a first embodiment of the 
invention has an analog input terminal 6 receiving an 
analog audio signal, in this case an FM composite sig- 
16 nal, and an output terminal 14 from which an impulse 
noise detection signal is output The first ernbodiment 
comprises an analog-to-digital converter (ADC) 15, a 
high-pass filter 9a, an envelope detector 16, a memory 
17, an averager (AVG) 20, a multiplier 21, and a conv 
20 parator (COMP) 22. The analog-to-digital converter 15 
is a well-known hardware device. The other elements 
may be separate hardware devices, or software mod- 
ules in a program executed by a computing device such 
as a microprocessor or digital signal processor (DSP). 
25 [0021] Next, the operation of the first embodiment wiN 
be described. 

[0022] The analog-to-digital converter 1 5 converts the 
FM composite signal received at the analog input termi- 
nal 8 to a digital signal for input to the high-pass filter 

30 9a The high-pass filter 9a attenuates frequency com- 
ponents up to at least 53 kHz, and passes the remaining 
hig^-frequency components to the envelope detector 
1 6. Since the high-pass fitter 9a attenuates all of the sig- 
nal frequencies normally present in the FM composite 

as signal, the output of the high-pass filter 9a is essentially 
a noise signal, the level of which is substantially unaf- 
fected by variations in the left-channel and right-channel 
audio signal levels. 

[0023] The envelope detector 16 determines the am- 
40 pntude level of the output of the high-pass filter 9a Var- 
Icu? methods cf ^nvc!cpe dciectren can be s/r*"^?/:-' 
In one exemplary method, the envelope detector 16 
squares the input data received from the high-pass filter 
9a, performs a low-pass filtering operation on the 
46 squared values, and takes the square roots of the low- 
pass filtered values. In another exemplary method, the 
envelope detector 16 performs a low-pass filtering op- 
eration on the absolute values of the data received from 
the high-pass filter 9a The data output from the enve- 
so lope detector 16 are stored temporarily in the memory 
17. 

[0024] The signal input at the analog input terminal 8 
always includes a certain amount of low-level back- 
ground noise, and intermittently includes impulse noise. 
66 The background noise is generated by electronic com- 
ponents in the preceding circuits in the receiver, such 
as the tuner 2 and FM demodulator 3 shown in FIG. 1 . 
Because of automatic gain control in the precedtag cir- 
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cuits, the level of the background noise and Impulse 
noise depends on the strength of the FM signal received 
at the antenna, but impulse noise that does not greatly 
exceed the background noise level is masked by the 
background noise and does not have to be blanked out s 
The first embodiment accordingly detects impulse noise 
by comparison with a threshold set in relation to the 
background noise level 

[0025] This comparison is made by the comparator 
22, which compares each data value D stored in the 
memory 1 7 with a threshold set by the averager 20 and 
multiplier 21, drives the impulse noise detection signal 
to the active logic level if D exceeds the threshold, and 
drives the impulse noise detection signal to the Inactive 
level if D does not exceed the threshold. 
[0026] The averager 20 takes the average of the data 
values spanning a time interval preceding and following 
the data value D compared by the comparator 22, the 
interval being longer than the expected duration of im- 
pulse noise. An example of an appropriate interval is a 
two-millisecond interval extending one millisecond be- 
fore and after the processing point of data D. 
[0027] The multiplier 21 multiplies the average calcu- 
lated by the averager 20 by a factor M, and supplies the 
result to the comparator 22 as the threshold value. The 
factor M should be high enough to avoid the unwanted 
detection of background noise, and of tone bursts and 
other abruptly rising signals that are more persistent 
than impulse noise. An example of an appropriate factor 
is four (Ms 4). 

[0028] FIG. 4 illustrates the detection of a noise im- 
pulse with a duration of 0.2 milliseconds, when the av- 
eraging Interval Is two milliseconds and M is equal to 
four. Time is indicated on the horizontal axis. Data val- 
ues are indicated on the vertical axis, normalized so that 
the noise impulse has a level of unity. For simplicity, the 
envelope data EN stored In the memory 17 are shown 
as having a square waveform. The background noise 
level LN is close to zero. When the comparator 22 com- 
pares the data value at the leading edge of the noise 
; t ; .-i'"~ "* c*:*" vz Um : V?nth® £ ^"t* 1 **.- 
ing two-milfisecond interval is substantial ly equal to 0. 1 , 
and the threshold value TH set by the multiplier 21 is 
substantially 0.1 x 4, or 0.4. The data value D exceeds 
the threshold TH (1 > 0.4), so the impulse noise detec- 
tion signal is activated. 

[0020] As further data arrive from the envelope detec- 
tor 1 6, the compared data value (D) and the surrounding 
two-millisecond Interval are shifted forward on the time 
axis, and the same process is repeated. The process 
can be repeated at each new data value, or at intervals 
of two or more new data values. The impulse noise de- 
tection signal will remain active for substantially the 
0.2-mlIliseoond duration of the noise Impulse, then be- 
come inactive as the processing point moves past the 
noise impulse and the data value falls below the thresh- 
old level again. 

[00301 FIG. 5 illustrates the response of the first em- 



bodiment to a tone burst lasting longer than one milli- 
second, using the same notation as in FIG. 4. The tone 
burst is shown as rising abruptly to a level of unity at the 
current processing point (data D). The average value 
(AV) calculated around this point is substantia try 0.5, so 
the threshold level (TH) b substantially equal to two (0.5 
x 4). The data value 0 is less than the threshold TH (1 
< 2), so the impulse noise detection signal remains in- 
active. As the processing point shifts forward (to the 
right), the impulse noise detection signal will continue to 
remain inactive. 

[0031 ] The first embodiment is accordingly able to de- 
tect short-duration impulse noise without mistakenly de- 
tecting tone bursts and other signals of longer duration 
that should not be removed from the FM composite sig- 
nal, even if these signals rise abruptly. 
[0032] In a variation of the first embodiment, the mul- 
tiplier 21 multiplies the average value output from the 
averager 20 by one factor (Mj) if the impulse noise de- 
tection signal is currently Inactive, and by another, small- 
er factor (rvy If the impulse noise detection signal is cur- 
rently active. For a given average value, the activation 
threshold of the impulse noise detection signal becomes 
higher than the deactivation threshold (because M, > 
Ivy. This variation provides a desirable hysteresis effect 
that keeps the impulse noise detection signal from fluc- 
tuating between the active and inactive states when an 
impulse noise waveform fluctuates around the detection 
threshold while rising or falling. 
[0033] In another variation of the first embodiment, 
the averaging interval is not shifted each time the com- 
pared data point D is shifted; the same average value 
is used during two or more comparisons. If the length of 
the averaging interval is two milliseconds, a new aver- 
age value can be calculated once every millisecond, for 
example, or once every two milliseconds. 
[0034] In another variation, the memory 1 7 is omitted 
and the averager calculates average values by, for ex- 
ample, a moving-average method. 
[0035] In a further variation, the analog-to-digital con- 
vcrte* 15 is cr-Mod, and ^« hlgh-p^c filte* 9s a~d p^>- 
veiope detector 16 are anaiog circuits. The averager 20, 
multiplier 21. and comparator 22 may also be analog 
circuits; alternatively, an analog-to-digrtal converter may 
be provided on the output side of the envelope detector 
16. 

[0036] These variations of the first embodiment also 
apply to the embodiments described below 
[0037] Next, a second embodiment will be described 
[0036] Referring to FIG. 6, the second embodiment 
comprises the elements described in the first embodi- 
ment. Except for the averager 20, these elements oper- 
ate as in the first embodiment The second embodiment 
also comprises an additional averager 18 and an addi- 
tional multiplier 19. Averager 18 takes the average of 
the data values stored in the memory 17 over a prede- 
termined interval. Multiplier 19 multiplies the resulting 
average by a constant factor N. Averager 20 re-calcu- 
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lates the average value of the data in the memory 17 
over the same interval, using only data values equal to 
or less than the product output by multiplier 1 9. Multiplier 
21 multiplies the average value output by averager 20 
by a factor M to obtain the threshold supplied to the com- 
parator 22. 

[0039] FIG. 7 iBustrates the operation of the second 
embodiment in detecting a 0.2-millisecond noise pulse 
in envelope data EN with a tow background noise level 
LN, the horizontal axis representing time and the vertical 
axis representing signal level. The height of the noise 
pulse is again normalized to unity. The factors M and N 
are both equal to four. The average value AV calculated 
by averager 18 over the indicated two-millisecond inter- 
val on the horizontal axis is 0.1. The product PR output 
by multiplier 1 9 is equal to 0.4. Averager 20 selects and 
averages the data values equal to or less than 0.4 In the 
same two-millisecond interval. All such data values are 
equal to LN, making the average value calculated by av- 
erager 20 also equal to LN. The threshold TH calculated 
by multiplier 21 is equal to four times LN. The first data 
point Din the noise impulse exceeds this threshold TH, 
causing output of an active impulse noise detection sig- 
nal as in the first embodiment 
[0040] PIG. 8 illustrates the response of the second 
embodiment to a tone burst tasting longer than one mil- 
lisecond, using the same notation as in FIG. 7, the level 
of the tone burst being normalized to unity. Averager 18 
calculates an average value AV of 0.5, which multiplier 
1 9 multiplies by four to obtain a product PR equal to two. 
Averager 20 selects the data values less than PR, thus 
selecting all data values in the interval, and again cal- 
culates an average value of 0.5. Multiplier 21 multiplies 
this average by four, obtaining a threshold value TH 
again equal to two. The data value O is less thai this 
threshold TH. so the impulse noise detection signal re- 
mains inactive. 

[0041] Like the first embodiment, the second embod- 
iment detects short-duration impulse noise without de- 
tecting abruptly rising signals of longer duration, such 
a<5 ton© bysts. Fc th* jcWfer^ v>e"Glrm'i shtr**i in 
FIG a. 7 and S, the second emboaiment produces the 
same results as the first embodiment, but k\ the general 
case, the second embodiment detects impulse noise 
more quickly and more sensitively than the first embod- 
iment, because the threshold TH in the second embod- 
iment is substantially unaffected by the noise impulses 
themselves. 

[0042] Next, a third embodiment will be descrbed. 
[0043] Referring to FIG. 9, the third embodiment in- 66 
serts a difference processor 23 between the envelope 
detector and memory of the second embodiment, so 
that the memory 17b stores the output of the envelope 
detector 16 as processed by the difference processor 
23, instead of directly storing the output of the envelope ss 
detector 1 6. The difference processor 23 takes the dif- 
ference between each data value received from the en- 
velope detector 16 and the n-th preceding data value, 



where n is a fixed positive integer, and performs another 
envelope detection process on the resulting differences. 
[0044] The other elements of the third embodiment 
are identical to the corresponding elements in the sec- 
* ond embodiment, and operate in the same way. 

[0045] The effect of the difference processor 23 is to 
emphasize rapidly-changing signal components, such 
as impulse noise, relative to more slowly-changing com- 
ponents, such as components of the FM composite sig- 
10 nal that leak into the high-frequency band through inter- 
modulation distortion. FIG. 10 shows an example of an 
envelope waveform output by the envelope detector 16, 
including both impulse noise 24 and Nermodulation 
products 25. FIG. 11 shows the same waveform after 
is passage through the difference processor 23, which 
took the difference between each data point and the da- 
ta value four points before (n = 4). The rapid changes In 
the impulse noise 24 leave a strong peak in the envelope 
signal output by the difference processor 23, while the 
20 intermodulatton products 25 are much attenuated 
[0046] By attenuating high-frequency intenmodulation 
products and thereby emphasizing impulse noise, the 
third embodiment enables impulse noise to be detected 
accurately despite the leakage of intermodulation prod- 
2S ucts from the audio components of the FM composite 
signal into the high-frequency noise band. 
[0047] Next, a fourth embodiment will be described. 
[0048] Referring to FIG. 12, the fourth embodiment 
supplies the output of the anatocrto-digrtal converter 1 5 
30 to a pair of bandpass filters (BPFs) 9c and 9d having 
different pass bands. As one example, the first bandpass 
filter 9c has a passband centered at 90 kHz while the 
second bandpass filter 9d has a passband centered at 
1 00 kHz, both pass bands having a bandwidth of 1 0 kHz. 
3S The output of the first bandpass filter 9c is processed by 
an envelope detector 16c, a memory 17c, an averager 
18c, a multiplier 19c, another averager 20c. another 
multiplier 21 c, and a comparator 22c, which are identical 
to the corresponding elements in the second embodi- 
ment. The output of the second bandpass filter 9d is like- 

1 7d, an averager 1 8d, a multiplier 1 9d, another averager 
20d, another multiplier 21 d, and a comparator 22d Iden- 
tical to the corresponding elements in the second em- 
bodiment. The two comparators 22c and 22d output re- 
spective detection signals as described above. 
[0049] The outputs of the two comparators 22c and 
22d are supplied to an output logic processor 26, which 
supplies an output impulse noise detection signal to the 
output terminal 14. The output logic processor 26 also 
receives an indicator signal from a digital input terminal 
27, indicating the level of the radio-frequency FM broad- 
cast signal received at the antenna In the fourth em- 
bodiment, the indicator signal is preferably a one-bit sig- 
nal that is active when the received level of the broad- 
cast signal exceeds a predetermined level. 
(00501 When the indicator signal is active, the output 
logic processor 26 performs OR logic on the inputs from 
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the two comparators 22c, 22d, activating the impulse 
noise detection signal when the output of either one (or 
both) of the comparators is active. When the indicator 
signal is inactive, the output logic processor 26 performs 
AND logic, activating the impulse notee detection signal 
only when the inputs from both comparators 22c, 22d 
are active. The output logic processor 26 accordingly 
activates the output impulse noise detection signal 
when at least two signals among the Indicator signal, 
the output of the first comparator 22c, and the output of 
the second comparator 22d are active. 
[0051] When the received radio-frequency signal lev- 
el is high, the amplifiers in the front end of the receiver 
(not visible) are set to a comparatively tow gain, reduc- 
ing the amplitude of impulse noise picked up by the an- 
tenna in relation to the level of background noise gen- 
erated by subsequent receiver circuits, thereby making 
the impulse noise harder to detect The frequency spec- 
trum of impulse noise fluctuates rapidly, however, whfle 
the spectrum of the background notee changes little 
over time. As a result, whfle the impulse noise may not 
be detected in the outputs of both bandpass filters 9c 
and 9d simultaneously, it is generally detectable in the 
output of one bandpass filter or the other. 
[0052] When the received radio-frequency signal lev- 
el Is tow, the front-end amplifiers operate at a compara- 
tively high gain, and when impulse noise is present, it is 
readily detectable in the passbands of both bandpass 
filters at once, tf the amplifier gain ie high enough, how- 
ever, comparator 22c or comparator 22d may also begin 
to detect system noise generated by, for example, a mi- 
croprocessor controlling a display device or performing 
other control functions in the radio receiver. This type of 
system noise is weaker than the impulse noise gener- 
ated by, for example, an automobile Ignition system, and 
is more restricted in frequency. Thus if system noise is 
detected at all, it is generally detected by only one of the 
two comparators 22c and 22d. 
[0053] By performing OR logic when the received sig- 
nal level is high and performing AND logic when the re- 

is able to detect impulse noise mixed with a strong re- 
ceived FM broadcast signal, without detecting system 
noise at low received FM signal levels. 
[0054] Next, a fifth embodiment will be described. 
[0055] Referring to FIG. 13, the fifth embodiment 
comprises the same elements as in the second embod- 
iment, but provides the second multiplier 21 e with an 
indicator signal from the digital input terminal 27 de- 
served in the fourth embodiment, indicating the re- 
ceived signal level at the antenna The multiplier 21 e 
adjusts the value of the factor M in an inverse relation 
to the indicator signal, using a large value of M when the 
received signal level Is low, and a small value of M when 
the received signal level is high. 
[0056] As explained In the fourth embodiment, when 
the received signal level is high, front-end amplifier gain 
is reduced, thereby reducing the level of externally-gen- 



erated impulse noise in relation to internally-generated 
background noise. By reducing the factor M in this situ- 
ation, the fifth embodiment reduces the detection 
threshold, so that impulse noise can still be detected 

5 with adequate sensitivity. 

[0057] When the received signal level is tow. front-end 
amplifier gain is increased, creating a risk that the com- 
parator 22 might detect not only impulse noise, but also 
system noise and other non-impulsive environmental 

10 noise. By Increasing the factor M in this case, the fifth 
embodiment increases the detection threshold, so that 
only strong impulse noise such as ignition noise is de- 
tected 

[0058] As a result, the fifth embodiment is able to do- 
rs tect Impulse noise accurately over a wider range of re- 
ceived FM signal levels than the second embodiment 
[0059] The Indicator signal received at the digital input 
terminal 27 in the fifth embodiment need not be a one- 
bit signal The incBcator signal can be a multiple-bit sig- 
x> nal indicating the received FM signal level in a substan- 
tially continuous manner, and the factor M can be varied 
in a substantially continuous manner in response to the 
received signal level. 

[0060] Next, a sixth embodiment will be described. 

2S [0061] Referring to FIG. 14, the sixth embodiment is 
a noise reduction system 28 comprising the impulse 
noise detector 29 of the first embodiment and an im- 
pulse noise reducer 30. This noise reduction system 28 
can be used in a radio receiver comprising an antenna 

30 1, a tuner 2, an FM demodulator 3, an FM stereo de- 
modulator 6, and a pair of loudspeakers 7, as shown, or 
in various other types of equipment in which impulse 
noise must be suppressed. In response to the Impulse 
noise detection signal output by the impulse noise de- 

35 tector 29, the Impulse noise reducer 30 attenuates or 
blocks the input received from, for example, the FM de- 
modulator 3, and provides the attenuated signal or a 
substitute signal to, for example, the FM stereo demod- 
ulator 6. The impulse noise detector 29 and noise re- 

40 ducer 30 may be combined into a single integrated cir- 

[0062] The sixth embodiment provides the advantag- 
es noted in the first embodiment. In a variation of the 
sixth embodiment, the impulse noise detector of the see- 
's ond, third, fourth, or fifth embodiment is used. 

[0063] As described above, by using a detection 
threshold obtained from the average of data values over 
an interval, the first embodiment detects short-duration 
impulse noise while ignoring other abruptly rising sig- 
60 nals. By repeating the averaging process, the second 
embodiment obtains a detection threshold that is not af- 
fected by the noise impulses the detector is seeking to 
detect By inserting a difference processor in the enve- 
lope detection process, the third embodiment detects 
66 impulse notee accurately despite the presence of leak- 
age from the audio components of the analog audio sig- 
nal. By detecting Impulse noise separately in two sepa- 
rate frequency bands, the fourth embodiment detects 
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Impulse noise accurately at both high and low received 
radio-frequency signal levels, without detecting system 
noise. By varying the threshold multiplier M according 
to the received signal level, the fifth embodiment also 
detects impulse noise accurately at both high and low s 
received radio-frequency signal levels without detecting 
system noise. The sixth embodiment provides a noise 
reduction system with advantages similar to the above. 
[0064] These features of the preceding embodiments 
can be combined In ways other than those illustrated in 1 o 
the drawings. 

[0065] The input signal in which impulse noise is de- 
tected need not be an FM composite signal. 
[0066] Those skilled in the art will recognize that fur- 
ther variations are possible within the scope claimed be- is 
low. 
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Claims 

1 . A method of detecting impulse noise in an input sig- 
nal, comprising the steps of: 



(a) filtering said input signal to reject at least 
frequency components below a predetermined 2S 
frequency, thereby producing a filtered signal; 

(b) detecting an envelope of said filtered signal, 
thereby producing an envelope signal; 

(c) calculating a first average value of at least 
some values of said envelope signal over a pre- so 
determined time interval; 

(d) multiplying said first average value by a first 
factor, thereby producing a threshold value; 

(e) comparing at least one value of said enve- 
lope signal in said predetermined time interval 35 
with said threshold value; 

(f) activating an impulse noise detection signal 
if the compared value exceeds said threshold 
value; and 

(g) de-activating said impulse noise detection 40 

sipna! if tftf* conparoc? valve do*"* ret pv^ord 
said tnresnold value. 

2. The method of claim 1 , further comprising the steps 
of: 4$ 

(h) increasing said first factor when said im- 
pulse noise detection signal becomes inactive; 
and 

(i) decreasing said first factor when said fan- so 
pulse noise detection signal becomes active. 



(k) multiplying said second average value by a 
second factor, thereby producing a product val- 
ue; and 

(I) selecting the values of said envelope signal 
less than said product value for use in calculat- 
ing said first average value in said step (c). 

4. The method of claim 1 , wherein said step (b) further 
comprises the steps of: 

(m) detecting a preliminary envelope of said fil- 
tered signal; 

(n) taking differences between values in said 
preliminary envelope, thereby producing a dif- 
ference signal; and 

(o) detecting an envelope of said difference sig- 
nal, thereby producing said envelope signal. 

5. The method of claim 1, wherein said input signal is 
obtained from a radio-frequency signal received at 
an antenna (1 ), and said step (a) employs a band- 
pass filter with a passband above said predeter- 
mined frequency, further comprising the steps of: 

(p) changing the passband of said bandpass fil- 
ter and repeating said steps (a) to (g), so that 
a first value of said impulse noise detection sig- 
nal is obtained using one passband in said step 
(a), and a second value of said impulse noise 
detection signal is obtained using another 
passband when said step (a) is repeated; 
(q) combining said first value and said second 
value by a first logic operation, when said radio- 
frequency signal has a received level exceed- 
ing a predetermined level, to obtain an output 
value of said impulse noise detection signal that 
is active when at least one of said first value 
and said second value is active; and 
(r) combining said first value and said second 
value by a second logic operation, when the re- 
cord U'*- 7? c* r.'"-' r:'V*cV t"".":f l> 
less than said predetermined level, to obtain an 
output value of said impulse noise detection 
signal that is active only when both said first val- 
ue and said second value are active. 



3. The method of claim 1 , further comprising the steps 

of: 

(D calculating a second average value of all of 
the values of said envelope signal in said pre- 
determined time Interval; 



6. The method of claim 1. wherein said input signal is 
obtained from a radio-frequency signal received at 
an antenna (1 ), further comprising the step of: 

(s) adjusting said first factor according to a re- 
ceived level of said radio-frequency signal. 



7. The method of claim 1 , wherein said input signal is 
65 an FM composite signal. 

8. An impulse noise detector for detecting impulse 
noise in an input signal, comprising: 
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a filter (9a) filtering said input signal to reject at 
least frequency components below a predeter- 
mined frequency, thereby producing a filtered 
signal; 

an envelope detector (16) coupled to said filter 
(9a), detecting an envelope of said filtered sig- 
nal, thereby producing an envelope signal; 
a first averager (20) coupled to said envelope 
detector (16). calculating a first average value 
of at least some values of said envelope signal 
ever a predetermined time interval; 
a first multiplier (21) coupled to said first aver- 
ager (20), multiplying said first average value 
by a first factor, thereby producing a threshold 
value; and 

a comparator (22) coupled to said first multiplier 
(21), comparing at least one value of said en- 
velope signal in said predetermined time inter- 
val with said threshold value, activating an im- 
pulse noise detection signal if the compared 
value exceeds said threshold value, and de-ac- 
tivating said impulse noise detection signal if 
the compared value does not exceed said 
threshold value. 

9. The impulse noise detector of claim 8, wherein said 
first multiplier (21) increases said first factor when 
said impulse noise detection signal becomes inac- 
tive, and decreases said first factor when said im- 
pulse noise detection signal becomes active. 

10. The impulse noise detector of claim 8, further com- 
prising: 

a memory (1 7) coupled to said envelope detec- 
tor (16), storing said envelope signal; 
a second averager (18) coupled to said mem- 
ory (1 7), calculating a second average value of 
ail of the values of said envelope signal in said 
predetermined time interval; and 

-or.v. 'r. !«".!, ! T ' (1 ?] cot ~ i * - tc ' v w : '"^ 
averager (18), multiplying said second average 
value by a second factor, thereby producing a 
product value; wherein 

said first averager (20) selects the values of 
said envelope signal less than said product val- 
ue for use in calculating said first average val- 
ue. 

11 . The impulse noise detector of claim 8, wherein said 
envelope detector comprises; 

a preliminary detector (16) detecting a prelimi- 
nary envelope of said filtered signal; and 
a difference processor (23) taking differences 
between values in said preliminary envelope, 
thereby producing a difference signal, and de- 
tecting an envelope of said difference signal, 



thereby producing said envelope signal. 

12. The impulse noise detector of claim 8, wherein said 
input signal is obtained from a radio-frequency sig- 

s nal received at an antenna (1 ), and said first multi- 
plier (21 e) adjusts said first factor according to a re- 
ceived level of said radio-frequency signal. 

13. The impulse noise detector of claim 8, wherein said 
10 input signal is an FM composite signal 

14. An impulse noise detector for detecting impulse 
noise in an input signal derived from a radio-fre- 
quency signal received at an antenna (1 ). compris- 

is ing; 

a first bandpass filter (9c) having a first pass- 
band, filtering said input signal to produce a first 
filtered signal; 

20 a first envelope detector (16c) coupled to said 

first filter (9c), detecting an envelope of said first 
filtered signal, thereby producing a first enve- 
lope signal; 

a first averager (20c) coupled to said first enve- 
25 lope detector (16c), calculating a first average 

value of at least some values of said first enve- 
lope signal over a predetermined time interval; 
a first multiplier (21c) coupled to said first aver- 
ager (20c), multiplying said first average value 
30 by a first factor, thereby producing a first thresh- 

old value; 

a first comparator (22c) coupled to said first 
multiplier (21c), comparing at least one value 
of said first envelope signal In said predeter- 
55 mined time interval with said first threshold val- 

ue, activating a first detection signal if the com- 
pared value exceeds said first threshold value, 
and de-activating said first detection signal if 
the compared value does not exceed said first 
40 threshold value; 

passband different from said first passband, fil- 
tering said input signal to produce a second fil- 
tered signal; 

48 a second envelope detector (16d) coupled to 

said second filter (9d), detecting an envelope 
of said second filtered signal, thereby produc- 
ing a second envelope signal; 
a second averager (20d) coupled to said see- 
so ond envelope detector (1 6d), calculating a sec- 
ond average value of at least some values of 
said second envelope signal over said prede- 
termined time interval; 

a second multiplier (21 d) coupled to said sec- 
55 ond averager (20d), multiplying said second av- 

erage value by said first factor, thereby produc- 
ing a second threshold value; 
a second comparator (22d) coupled to said sec- 
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ond multiplier (21 d), comparing at least one val- 
ue of said second envelope signal in said pre- 
determined time interval with said second 
threshold value, activating a second detection 
signal if the compared value exceeds said sec- s 
ond threshold value, and de-activating said 
second detection signal if the compared value 
does not exceed said second threshold value; 
an input terminal (27) receiving an indicator sig- 
nal that is active when said radio-frequency sig- 10 
nal has a received level exceeding a predeter- 
mined level; and 

a logic circuit (26) coupled to said first compa- 
rator (22c), said second comparator (22d) and 
said input terminal (27), activating an impulse is 
noise detection signal when at least two of said 
indicator signal, said first detection signal, and 
said second detection signal are active. 



15. A noise reduction system (28) for reducing noise in so 
an input signal, comprising: 

a filter (9a) filtering said input signal to reject at 
least frequency components below a predeter- 
mined frequency, thereby producing a filtered 2S 
signal; 

an envelope detector (16) coupled to said filter 
(9a), detecting an envelope of said filtered sig- 
nal, thereby producing an envelope signal; 
a first averager (20) coupled to said envelope so 
detector (16), calculating a first average value 
of at least some values of said envelope signal 
over a predetermined time interval; 
a first multiplier (21) coupled to said first aver- 
ager (20), multiplying said first average value ss 
by a first factor, thereby producing a threshold 
value; 

a comparator (22) coupled to said first multiplier 
(21), comparing at least one value of said en- 
velope signal in said predetermined time inter- 40 

pulse noise detection signal if the compared 
value exceeds said threshold value, and deac- 
tivating said impulse noise detection signal if 
the compared value does not exceed said 
threshold value; and 

a noise reducer (30) coupled to said compara- 
tor, passing said input signal when said impulse 
noise detection signal is inactive, and blocking 
said input signal when said impulse noise re- so 
jection signal is active. 



17. The noise reduction system of claim 15, further 
comprising: 

a memory (1 7) coupled to said envelope detec- 
tor (16). storing said envelope signal; 
a second averager (18) coupled to said mem- 
ory (17), calculating a second average value of 
all of the values of said envelope signal in said 
predetermined time interval; and 
a second multiplier (1 9) coupled to said second 
averager (1 8), multiplying said second average 
value by a second factor, thereby producing a 
product value; wherein 

said first averager (20) selects the values of 
said envelope signal less than said product val- 
ue for use In calculating said first average val- 
ue. . 

18. The noise reduction system of claim 15, wherein 
said envelope detector comprises: 

a preliminary detector (16) detecting a prelimi- 
nary envelope of said filtered signal; and 
a difference processor (23) taking differences 
between values in said preliminary envelope, 
thereby producing a difference signal, and de- 
tecting an envelope of said difference signal, 
thereby producing said envelope signal. 

19. The noise reduction system of claim 15, wherein 
said input signal is obtained from a radio-frequency 
signal received at an antenna (1 ), and said first mul- 
tiplier (21 e) adjusts said first factor according to a 
received level of said radio-frequency signal. 

20. The noise reduction system of claim 15, wherein 
sad input signal is an FM composite signal 

21. A noise detector comprising a fitter for outputting a 
noise signal, means for comparing a value derived 

fret nci?3^*; -id'» 4 ;V:£trr*Lf:c!cf vr!u,s . J 
from the noise signal. 



16. The noise reduction system of claim 15, wherein 
said first multiplier (21) increases said first factor 
when said impulse noise detection signal becomes ss 
inactive, and decreases said first factor when said 
impulse noise detection signal becomes active. 
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(54) Impulse noise detector and noise reduction system 



(57) An impulse noise detector detects impulse 
noise in an audio signal by filtering out the audio com- 
ponents of the signal, then comparing an envelope of a 
filtered signal with a threshold obtained as a moving av- 
erage of the envelope. Short-duration impulse noise is 



thereby detected without detecting tone bursts and oth- 
er fast-rising signals of longer duration. The envelope 
may be taken directly from the filtered signal, or from a 
difference signal obtained from a preliminary envelope 
of the filtered signal, to emphasize impulse noise when 
distorted audio components leak into the filtered signal. 
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